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Abstract 
Modelling residential energy consumption (REC) represents a key step towards the 
implementation of energy transition policies for more sustainable cities. Developing 
such policies requires considering the characteristics of the residential building stock 
(RBS). In the literature, REC modelling is generally applied on a single or set of cities-
provinces, through limited approaches, using data from one typical year. In this paper, 
an energy consumption model for the entire Algerian RBS is developed through a 
triangular approach combining Geographic Information System, regression analysis 
and hierarchical clustering, applied to all provinces from 1995 to 2018. This allows 
mapping the spatial-temporal distribution of REC and RBS, developing a REC model, 
and dividing all provinces into clusters based on their REC behaviour. Provinces are 
aggregated into four clusters and four provinces are identified as archetypes. The 
results highlight that, besides the size of the RBS, REC is highly dependent on the 
electricity and gas connection rates. However, the influence of GDP and urban density 
only play a minor role. This can be explained by the evolving demands in thermal 
comfort associated with access to energy networks. The likely impact of increased gas 
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1. Introduction 
According to the final energy consumption decomposition established by IEA 
(2020), the residential buildings consumes 20% of total energy consumption. In 
Algeria, the largest country of Maghreb with a population of over 43 million inhabitants 
in 2019 (ONS, 2018), the RBS consumes an average of 50.4 million tons oil equivalent 
(Mtoe). This figure represents 36 % of total primary energy, followed by 30.6 % and 
22.7 % absorbed by transport and industry sectors respectively (Ministère de l’Energie, 
2020). If RBS represents the most energy-consuming sector in Algeria, it is also one 
of the main potential source of energy savings. To manage REC, the Algerian 
Nomenclature 
APRUE     Agence Nationale pour la Promotion et la Rationalisation de l’Utilisation de l’Energie 
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government implemented a national energy management policy through the ECO-BAT 
housing programme. From 2011, this programme involved the construction of 600 new 
housing units, with high-energy performance, in all climate zones (APRUE, 2015a). 
For the Algerian government, it represents a first initiative to developing a large-scale 
strategy dedicated to improving energy efficiency. 
Yet, in addition to building new high-energy performance housings, it is 
necessary to improve the performances of the existing RBS. The 2030 energy 
efficiency programme is supposedly set toward improving the thermal insulation of 
buildings (APRUE, 2015b). It focuses on developing solar water heaters, generalising 
the use of low-energy lamps, and renovating 4000 dwellings. However, the thermal 
renovation was rapidly abandoned given the absence of adequate energy planning to 
orient the actions. The energy transition of the residential sector indeed relies on the 
ability of policy makers, energy planners, and energy assessors to develop strategies 
based on an analysis of REC at national and local scale (Swan & Ugursal, 2009; 
Howard et al, 2012). In Algeria, data on REC is not readily available at a provinces’ 
scale but it is grouped together with the energy consumptions of other sectors. 
In order to bridge this gap, our research proposes a REC model that combines 
a regression analysis with GIS and hierarchical clustering, to guide the development 
of energy efficiency scenarios at the national and local level. It is based on estimated 
RBS and REC for all Algerian provinces from 1995 to 2018. 
The main aims of this paper are:  
1- To develop a database of REC and RBS covering the whole Algerian 
territory, between 1995-2018, considering the different energy sources 




2- To provide a spatial-temporal analysis of REC and RBS distribution at a 
provincial scale, using GIS ; 
3- To identify the main variable influencing REC through a Multiple Linear 
Regression (MLR) ; 
4- To characterize the REC profile of each province and identify archetypical 
provinces to use for meso-scale planning and analysis, through a 
hierarchical clustering. 
The originality of this research lies in the use of a combined approach for energy 
modelling, in line with the recommendations of Torabi Moghadam (2017). The 
originality of the present study is based on a thorough work of collection, synthesis, 
quantification and analysis of the most relevant spatial and statistical REC data in 
Algeria. 
Our paper is divided into six main sections. The first section sets the background 
of the study. The second section presents the literature review based on the 
examination of different approaches to model REC. The third part explains the 
research methodology. Fourthly, the paper discusses the results of our triangular 
approach. The fifth section validates the REC model. Finally, the last part presents the 
conclusion and gives an outline of the future work. 
2. Literature review 
REC studies require a serious effort of modelling to understand energy 
consumption patterns at different scales, in order to support energy transition 
strategies. Swan & Ugursal (2009) reviewed techniques for REC modelling by grouping 
them into two types of approaches, top-down and bottom-up approaches. The use of 
one or another approach depends on the available input information and the desired 




energy consumption: the physics-based, data-driven and hybrid methods (Bourdeau 
et al., 2019). As our research is designed to develop and process a large RBS/REC 
database, this paper will mainly focus on data-driven methods used for REC modelling 
(Foucquier et al., 2013). The literature is classified into three groups:  
- Studies based on statistical approaches to model REC 
- Studies based on spatial analyses using GIS 
- Studies that combine several approaches and methods 
Fig 1 summarises the review of the most relevant energy modelling methods, based 
primarily on the sample of data used, the case studies scale, the energy type 
consumption, and the employed method. 
 




The first group is mainly based on statistical approaches to model REC, 
analyse interactions, forecast REC, and provide recommendations to policy-makers 
and researchers. The most significant works in this category are (Al-Ghandoor et al., 
2009; Biswas et al., 2016; Catalina et al., 2013; Chen et al., 2016; Fracastoro & 
Serraino, 2011; Fumo & Rafe Biswas, 2015; Hsu, 2015; Iraganaboina & Eluru, 2021; 
Kavousian et al., 2013; Kim et al., 2020; Rhodes et al., 2014; Sepehr et al., 2018; 
Štreimikienė, 2014; Theodoridou et al., 2011; Tso & Guan, 2014; Walter & Sohn, 2016; 
Williams & Gomez, 2016). 
Multiple Linear Regression is the main method used in statistical approach for 
REC modelling. This observation is also highlighted by Torabi Moghadam et al. (2017), 
and very recently by Mata et al. (2021). REC depends on several independent 
variables such as the socio-economic, housing, appliance, climate and occupant 
behaviour factors (Jones et al., 2015; Mora et al., 2018). Table 1 identifies the main 
used variables in REC analysis. These variables can be grouped along five main 
dimensions influencing REC: socio-demographic, economic, climate, building and 
urban dimensions. 
Table 1 
A summary of the main independent variables used in statistical approaches 
Dimensions Independent variables References  
   
Socio-demography  Population  (Al-Ghandoor et al., 2009; 
Bianco et al., 2013; Chen 
et al., 2016; Theodoridou 
et al., 2011) 
Household size (Iraganaboina & Eluru, 
2021; Kim et al., 2020; 
Tso & Guan, 2014) 
Occupant density Kim et al. (2020) 
Households characteristics  Iraganaboina & Eluru 
(2021)   
The number of residents Sepehr et al. (2018) 
Homeowner Rhodes et al. (2014) 
Economy GDP and GDP/capita Bianco et al. (2013) 




Energy price Al-Ghandoor et al. (2009) 
Climate  Temperature (Al-Ghandoor et al., 2009; 
Biswas et al., 2016; 
Catalina et al., 2013; 
Fumo & Rafe Biswas, 
2015; Kim et al., 2020; 
Williams & Gomez, 2016) 
Humidity  Williams & Gomez (2016) 
Solar radiation (Biswas et al., 2016; Fumo 
& Rafe Biswas, 2015) 
Climate zone Walter & Sohn (2016)   
Climate change  Chen et al. (2016) 
Heating degree days/ Cooling 
degree days 
(Iraganaboina & Eluru, 


















Year of construction (age) (Hsu, 2015; Kavousian et 
al., 2013; Kim et al., 2020; 
Theodoridou et al., 2011) 
Floor area  (Fracastoro & Serraino, 
2011; Kavousian et al., 
2013; Kim et al., 2020; 
Theodoridou et al., 2011) 
Building envelop  (Catalina et al., 2013; 
Theodoridou et al., 2011; 
Williams & Gomez, 2016) 
Housing type/size (Hsu, 2015; Tso & Guan, 
2014) 
Energy system and appliance 
use 
(Kim et al., 2020; Sepehr 
et al., 2018; Štreimikienė, 




Density and mixed use 
(Chen et al., 2016; 
Dujardin et al., 2014; 
Iraganaboina & Eluru, 
2021) 
 
 The second group of literature is mainly based on GIS approaches that create 
and analyse REC’s spatial dimension, considering a number of variables as for 
instance urban density or climate zone. In this context, several studies based on spatial 
approaches associated with energy modelling have progressively developed in recent 
years, in order to help energy planning such as (Caputo et al., 2013; Caputo & Pasetti, 
2017; de Santoli et al., 2019; Dujardin et al., 2014; Evola et al., 2016; Fichera et al., 
2016; Groppi et al., 2018; Howard et al., 2012; Mattinen et al., 2014; Österbring et al., 




scales. They also help analysing the influence of spatial factors, like urban density, 
mixed-use, age and typology of buildings, on REC. 
 The third group involves studies that combine several methods and 
approaches, for multi-disciplinary analysis and complementarity to provide adequate 
information. Accordingly, studies that combined more than one approach to residential 
energy modelling are as follows (Ahmed Gassar et al., 2019; Aydinalp-Koksal & 
Ugursal, 2008; Brounen et al., 2012; Delmastro et al., 2016; Fonseca & Schlueter, 
2015; Gianniou et al., 2018; Mastrucci et al., 2014; Nishimwe & Reiter, 2021; Nouvel 
et al., 2015; Reiter & Marique, 2012; Sachs et al., 2019; Salari & Javid, 2016; Torabi 
Moghadam et al., 2018; Zhu et al., 2013). 
The combination between Multiple Linear Regression and GIS approaches is 
the most widely used in REC modelling. This observation is also highlighted by Torabi 
Moghadam, Delmastro, Corgnati, and Lombardi (2017). The combination of 
hierarchical clustering with GIS is often used on energy modelling, as it allows 
organising the REC according to different patterns. 
In the Algerian context, REC modelling is not yet very common. One of the 
few researches on energy consumption was conducted by Bélaïd & Abderrahmani 
(2013), who examined the relationship between electricity consumption, oil prices and 
economic growth between 1971 and 2010. The results show that there is a bi-
directional causal relationship between electricity consumption and GDP. However, 
this consumption is mainly focused on one energy source, across all sectors.  A few 
years later, Ghedamsi et al. (2016) developed a REC model based on a bottom-up 
approach. Their estimation of the annual REC is based on annual costs of energy 
consumption for heating and cooling. The evaluation and visualisation is conducted 




that the number of dwellings is the main effective factor in REC. In 2017, Amri (2017) 
used the cointegration test to examine the impact of Algeria's economic growth on 
energy consumption from 1980 to 2012. The results show that Algeria's economic 
development is strongly linked to the abundance of non-renewable fossil resources 
such as natural gas and oil products. One year later, Boukarta & Berezowska-Azzag 
(2018) highlighted the influence of housing and households characteristics on REC at 
the Algerian province of Djelfa, using MLR and GIS.  
The present paper is based on the following four characteristics, based on the 
main shortcomings of REC modelling in previous studies described in the literature. 
Longitudinal data sets. Most models only analysed a partial REC data sets, 
i.e. the data is usually focuses on one typical year, month, or a representative day. 
Longitudinal database is required for analysing the influence of long-term structural 
factors, like GDP or the growth of the RBS on REC over time. This research proceeded 
to the estimation of the evolution of REC and RBS over a 23-year period. 
National scale analysis. Many studies model the REC at the scale of a 
neighbourhood, district, city or a town, but few studies model the national REC across 
all its representative units. Considering the entire national territory is essential in those 
countries, like Algeria, where energy planning and policies are highly centralized in 
order to transfer results from research to the implementation of energy policies. 
Accordingly this paper proceeds to REC modelling across all the 48 provinces that 
make up the Algerian territory. 
Triangulation of approaches. A number of REC models are based on mono- 
or coupled approaches. This paper proposes the implementation of a triangulation of 




challenges and recommendations made by (Torabi Moghadam et al., 2017) and 
identify regional archetypes where to test possible energy planning policies. 
Integration of all energy sources. Mata et al. (2021) highlights that most REC 
models focus on electricity consumption, while RBS may consume other energy source 
such as gas, LPG, etc. The present paper proposes to address all energy sources 
consumed in Algerian RBS, considering their evolution over time. 
Therefore, this paper sets itself the objective to answer three main research questions: 
1. How to analyse and spatialize the REC based on all energy source used in 
Algerian RBS, at the level of the 48 provinces?  
2. What is the relative impact of GDP, the growth of the RBS, climate, connection 
to energy networks (gas and electricity), household size and urban density on 
REC at the province level between 1995 and 2018? 
3. How to classify the 48 Algerian provinces into clusters based on their REC 
profile over time? 
3. Methodology 
The present study is based on a triangulation of (1) Geographic Information 
System (GIS), (2) regression analysis and (3) hierarchical cluster analysis, applied to 
the REC of Algeria’s 48 provinces between 1995-2018. It goes through three main 
steps as follows: 
a- It calculates and creates maps of spatial-temporal variability of REC and 
RBS using GIS, and analyses the energy consumption per housing unit. 
b- It develops a REC model using Multiple Linear Regression.   





The conceptual framework includes data collection, data processing, 
development model, and finally, validation. Fig. 2 shows the conceptual framework, 













3.1. Data collection 
The first key step in this study is data collection. It allows the identification of 
important criteria and the selection of the most relevant sources for data collection. 
3.1.1. REC and RBS criteria  
Firstly, this research covers the whole RBS in Algeria that is composed of more 
than 8.5 million housings in 2017 (APRUE, 2017). Secondly, the study covers all 48 
provinces that represent the entire Algerian territory (2.382 million km2) (see Fig. 3). 
According to the thermal regulation applicable to residential buildings, the Algerian 
territory is divided into six climatic zones. Fig 4 summarises the description of 
characteristics climate zones, extracted from the APRUE database. 
Fig.  3. Algeria geographic situation and presentation of its administrative division. Algeria is 


























Fig.  4. Classification of official Algerian climate zones based on winter and summer climate 
temperatures  
Data source: (CNERIB, 1997, APRUE database) 
 
The distribution of provinces by climate zones, shown in Fig. 4 represents the 
third parameter that defines this database. Finally, the study is carried out using a large 
database, which is spread over a large period of twenty-three years, which 
corresponds to the construction of the largest housing programmes in the country. 
3.1.2. Data source 
The first type of data is collected from the National Agency for the Promotion 
and Rationalisation of the Use of Energy (APRUE), which includes statistical 
references of various economic sectors (residential, tertiary and industrial). The 
present study focuses on the residential sector. The database comprises five key 
parameters: energy consumption by energy source, electrification rate, gas connection 
rate, socio-economic indicators such as number of inhabitants and GDP. These 
parameters were gathered by APRUE from several official bodies. The second set of 
data was collected from the Algeria Ministry of Housing, Urbanism and City (MHUV). 
It contains all statistics about the RBS. Both sets of data represent the most recently 




3.1.3. Data transformation and data cleaning 
As mentioned above, the first step in cleaning data is to extract data relevant to 
the residential sector from APRUE database. Secondly, several units of measurement 
that concern energy consumption are used in this database such as (kw/h, thermie, 
m3). These are converted into a universal unit of measurement that is the tons oil 
equivalent (Toe) using energy conversion factors. Finally, in order to calculate the REC 
for the entire RBS, 7.6 % of missing data are interpolated and extrapolated.  
3.2. Data processing  
In order to develop an Algerian REC model, data processing involves, firstly, the 
calculation of REC and RBS in 48 provinces from 1995 to 2018, and secondly, the 
mapping of the spatial-temporal distribution of REC and RBS through GIS, and finally, 
the statistical analysis of the energy consumption per housing. 
3.2.1. Calculation of REC and RBS 
There are several interpretations of energy consumption in buildings: energy 
consumption in the construction industry, energy consumption in the construction 
sector, energy consumption during the life cycle of building, and energy consumption 
in buildings to meet their needs (Huo et al., 2018). 
In this study, the emphasis is placed upon the quantity of energy consumption 
during its exploitation at the level of Algerian RBS. There is no data that matches the 
various interpretations of REC which are cited by Huo et al. (2018) at the level of 
statistical yearbooks and official databases. Moreover, data that are related to REC 
are combined with statistics from other sectors through the consumption of different 
types of energy. It is the reason why the present study proposes to fill in the gaps in 
terms of REC data at the level of all provinces. The aim is to create a larger database 




calculation methods as found in the work of Y. Wang et al. (2020), who quantifies REC-
RBS in some Chinese cities.  
Based on the APRUE database, the present paper calculates REC using the 
five energy types that were used in the Algerian RBS between 1995 and 2018: 
electricity, natural gas, liquefied petroleum gas (LPG), gasoil, and fuels. From the 
percentages of energy consumption by each energy type in the residential sector, three 
formulas are selected and applied for three periods: 
From 1995 to 2005, the formula is as follows: 
RECPt = 35 % Epelectricity,t  + 41% EPnatural gaz,t + 92 % EPLPG,t + 3.6 % EPfuels, t + 0.10% Epgasoil,t             (1)  
From 2006 to 2008, the formula is as follows: 
RECPt = 35 % Epelectricity,t  + 41% EPnatural gaz,t + 92 % EPLPG +  0.1 %  EPfuels, t                                        (2)  
From 2009 to 2018, the formula is as follows: 
RECPt = 35 % Epelectricity,t  + 55 % EPnatural gaz,t + 92 % EPLPG +  0.1 %  EPfuels, t                                       (3)  
  Where RECpt indicates annual residential energy consumption, the EPelectricity, t 
represents annual electricity consumption, the EPnatural gaz, t corresponds to annual 
natural gas consumption, and the EPLPG,t, EPfuels, t, Epgasoil,t  refer to annual consumption 
of liquefied petroleum gas (LPG), domestic fuels and gasoil, respectively. These entire 
energy sources are provided at the level of the province P during the year t. The 
presentation of the formulas according to three different periods corresponds to the 
percentage of energy consumption as extracted from the APRUE database.  The 
calculation of REC by province over the study period is obtained by the sum of all types 
of energy consumptions. 
The RBS data is obtained from (MHUV) database. The base year 2008 
corresponds to the last national census. The RBS for the years following the base year 




stock (Eq.(4)). The RBS for the years before the base year are obtained by subtracting 
the newly constructed stock from the following year (Eq. (5)) as follow: 
RBSpt = RSPt-1+NBSpt, (t > base year)                                                                                                 (4) 
RBSpt = RSPt+1-NBSpt+1, (t < base year)                                                                                              (5)                                                                                   
Where RBSpt refers to residential building stock in province p during year t, and 
RBSpt+1 represents residential building stock after the following base year, while RBSpt-
1 corresponds to residential building stock of previous year. Finally, the NBSpt indicates 
the newly constructed stock in province p during year t.  
In this study, the demolished building stock is not taken into account in the 
estimation of RBS. The demolition rate is very low given that a large share of the 
Algerian housing stock is recent and detailed statistics relating to demolitions are 
missing in both databases and official reports.  
3.2.2. Spatial-temporal maps of REC and RBS, and energy consumption per 
housing unit 
The spatial-temporal distribution of REC and RBS at province scale is mapped 
with quantum GIS (QGIS, 2021). The results are visualized along specific dates to 
visualize the evolution between provinces through a distribution of six classes, whose 
limits were defined according to the presence of significant differences between them, 
through natural breaks of Jenks. 
In order to provide more information on REC, the energy intensity, which is an 
energy efficiency indicator, that measures residential energy efficiency, is used to 
analyse the variation of energy consumption between different climate zones. In the 
absence of data on built surface areas of RBS in official statistics, this article proposes 
to calculate energy consumption per housing unit according to the following formula: 




Where RECpt and RBSpt represents residential energy consumption and residential 
building stock in province p during year t. 
3.3. Development of REC model 
The third section corresponds to the statistical REC model. It is based on a 
mixed approach, which combines regression analysis and hierarchical clustering. The 
regression allows understanding the way that the REC evolves as a function of 
independent variables, whereas the clustering aims to cluster similar provinces 
according to their energy profiles.  
3.3.1. Regression analysis  
In order to study the relationship between the REC and its independent 
variables, an analysis is performed using Multiple Linear Regression on R software (R, 
2021) to develop an energy consumption model for Algerian RBS. The REC model is 
used as a tool for the analysis and identification of the influence of independent 
variables on REC. This model is developed through several steps: 
The first step is the selection of variables to be used in regression analysis. 
These variables are based on crosscheck between literature review and Algerian 
context, according to the availability of data from major national statistical databases 
during the period 1995 to 2018, for all provinces and all climate zones.  
Table 2 shows the description of independents variables integrated into REC 
model. These variables cover the four main dimensions identified in our literature 
review (socio-demographic, economic, climate, building and urban dimensions). Three 
of these variables are described in the above section, such as the REC, which is our 
response variable, the RBS and the climatic zones. The population variable is directly 




Gas connection rate, Electrification rate and GDP were calculated according to the 
following formulas: 
Household sizept = Ppt/RBSpt                                                                                                                   (7) 
Urban densitypt=Pp/Province areap                                                                                                     (8) 
GDPpt = GDP/capitaNt × Ppt                                                                                                                                                                        (9) 
Gas Connection Ratept % = Nb. of subscribers (Gas) pt/RBSPt                                                      (10) 





Description of independents (exploratory) variables integrated in regression analysis. 





(Hsu, 2015; Kavousian et al., 2013; Kim et al., 2020; Theodoridou et al., 2011) 



















(Chen et al., 2016; Dujardin et al., 2014; Iraganaboina & Eluru, 2021) 
Electricity and gas 




(Kim et al., 2020; Sepehr et al., 2018; Štreimikienė, 2014; Tso & Guan, 2014)  
Climatic zone ***  Nominal 
qualitative 
variables  
(Al-Ghandoor et al., 2009; Biswas et al., 2016; Catalina et al., 2013; Fumo & Rafe Biswas, 2015; Kim et al., 






Bianco et al. (2013) 
*All variables are analysed across 48-province scale from 1995 to 2018 
** Its variables have been calculated from the previous sections.  
*** This variable was extracted from (CNERIB, 1997)        




Household sizept represents the average number of persons in a housing. The 
RBSpt corresponds to the residential building stock. It has been calculated above using 
formulas (4) and (5). Urban densitypt refers to number of inhabitants per province level 
area. The GDPpt is the estimated Gross Domestic Product. The Gas Connection Ratept 
% corresponds to the rate of dwellings connected to natural gas network, according to 
the number of subscribers of gas companies. The Electricity Connection Ratept % 
corresponds to the rate of dwellings connected to electricity network, according to the 
number of subscribers of electricity companies. All these variables are provided at the 
level of the province P for the year t.   
The second step consists in the pre-processing of data. The population variable 
has been removed from the matrix in order to avoid multicolinearity, due to its presence 
in the calculation of three variables. Secondly, levels of qualitative variable (Climatic 
zone) are reordered, so that climatic zone A is used as the reference level. Finally, 
logarithmic transformation of all variables is done to satisfy the normality and 
homoscedasticity assumptions of linear regression.  
The third step focuses on the execution of Multiple Linear Regression using R 
software, in order to detect the most significant variables in REC model, in the form of 
the following equation: 
Log(REC) = β0+ β1X1 + … + βmXm + βm+1log(Xm+1) + … + βnlog(Xn) + Ɛ                                          (12) 
Where REC refers to the response variable, which represents residential energy 
consumption. X1, …, Xm are the qualitative variables while Xm+1, …, Xn are the 
quantitative ones cited above, with n as the number of variables. β0, β1, … βn represents 
the regressions coefficients, and Ɛ is the error of the model, which expresses the 






The fourth step consists in validating underlying assumptions of multiple linear 
regression. We first check that there is a linear relationship between the dependent 
variable and the independent variables, through scatterplots and R2, of the following 
formula: 
Log(REC) = β0+ βnlog(Xn) + Ɛ                                                                                                            (13)          
Where REC refers to the response variable, βn represents the regressions coefficients 
of each independent variable, and Ɛ is the error of the simple model. 
We further perform a multivariate normality test, using the residual quantile-quantile 
plot, and a homoscedasticity test by a graphic diagnosis of standardized residuals 
versus predicted values. Both assumptions are tested from the regression equation 
(12). We finally check for multicolinearity between independent variables through the 
Variance Inflation Factor (VIF). 
3.3.2. Clustering of provinces according to their REC profile  
In order to identify province’s REC behaviour, a heat map is developed by post-
processing the REC data from the database. The objective is to extract data from the 
study span 1995-2018 along three periods. These periods are chosen based on 
Algeria's macro-social and political developments. Furthermore, formula 14 is used to 
calculate the evolution of REC on an annual basis for each period. 
RECpt %= (RECPt/RECpt-n)exp1/n-1                                                                                                                             (14) 
Where RECpt % represents the evolution of REC for Province P over the period 
t. RECPt refers to the ending residential energy consumption per province P. RECpt-n 
corresponds to the beginning residential energy consumption per province P, n is the 




A hierarchical cluster analysis is then performed to group provinces with similar 
REC profiles. This analysis is executed using R software according to the following 
steps: 
Step 1: The data is first processed into a data matrix with rows representing 48 
provinces and columns being the changes in REC for three studied periods (1995-
2002, 2002-2009, 2009-2016).  
Step 2: Hierarchical ascending classification is then carried out using Euclidean 
distances between observations. The cluster agglomeration method employed in this 
study is Ward’s minimum variation method that minimizes the total within-cluster 
variance. The resulted dendrogram and inertial gain plots (Fig. 14) is used to determine 
the optimal number of clusters (Husson et al., 2017). 
Step 3: The final clusters are compared and interpreted using all variables as well as 
the variable that contributed the most in class separation.  
Step 4: A representative province is selected from each cluster to serve as a pilot 
province for the government to test the feasibility of energy transition scenarios. The 
selected province of each cluster is the closest one to the gravity center of the cluster. 
3.4. Validation of REC model  
The fourth and final section in this study corresponds to the validation of REC 
model. This validation is carried out through comparison of research results with values 









4. Results and discussion 
4.1. REC and RBS of the Algerian territory  
The total REC significantly increased from 3.57 million tons oil equivalent (Mtoe) 
in 1995 to 9.55 (Mtoe) in 2018, with an average annual growth rate of 2.7% (see Fig 
5). The annual growth rate of the REC varies between -9.68 % and 22.82 %.  
Fig. 5. Residential energy consumption (REC) of Algeria. 




In the same time, the total RBS increased from 4.36 million housing units in 
1995 to 9.6 million housing units in 2018 (see Fig 6). The evolution rate varies from 
1.86 % to 10.97 % over the same period, with an average annual growth of 3.5%. 
Fig.  6. Residential building stock (RBS) of Algeria. 
 
Obviously the growth of REC is positively related to the growth of RBS. It is a 
result of the high demand for housing which the Ministry of Housing is trying to address 
in order to meet a demand driven by population growth, which has increased from 28 
million in 1995 to 40 million in 2018, with an average annual growth of 2 % over the 
last ten years (ONS, 2020). Still the average annual growth rate of RBS is higher than 
the one of REC, which means that the residential energy consumed by housing is 



















Fig.  7. Algeria’s 1995-2018 REC structure.  
The REC structure can be grouped into three categories based on the evolution 
of energy sources consumed by RBS from 1995 to 2018. Fig. 7 shows that the gasoil 
and fuels represent the first category of REC, which is characterised by the two least 
used energy sources by RBS, with a complete disappearance of gasoil from the 2000s 
onwards and a decrease in the use of fuels, which is tending to disappear from 2014. 
The latter are generally used in the rural, remote areas in the south of country, which 
covers climatic zones D and D', and that because of the low percentage of electricity 
and gas connections compared to the rest of the country, induced by the low rate of 
urban density in these areas, where gasoil was used for lighting, and domestic fuels 
were used for heating. The petroleum products tend to disappear from REC since 
2014, in response to the evolution of gas and electricity connection rate, in the southern 




 The LPG represents the second category of REC, which is characterised by a 
strong growth between 1995 and 2008, to meet heating and cooking needs in some 
rural areas, with low gas connection rates. The latter started to decrease from 2008 
onwards, in response to national connection rate evolution, which evolved from 36 % 
to 56 over the last 10 years (APRUE, 2015c; APRUE, 2017). Natural gas and electricity 
both represent the third category of REC, characterized by the most common source 
that continues, up until today, to be consumed. Natural gas corresponds to the most 
consumed energy in RBS. 
The decrease in REC recorded in 2014 (see Fig. 5), can be explained by the 
decrease in consumption of LPG and fuels, which decreased by 78.9% and 88.5% 
between 2013 and 2014 respectively. This decrease is linked on the one hand to the 
evolution of gas connection rate in provinces located mainly in the south of Algeria, 
covering climatic zones D and D', passing from 15.8% to 22.2% between 2010-2013 
(APRUE , 2015c). The evolution in the rate of connection to natural gas is supported 
by the increase in the number of low voltage subscribers (households) of 7.3% 
between 2013 and 2014 (Ministère de l’Energie, 2014). Gas connection rate is slowly 
increasing nationwide, and still does not cover the whole RBS, as in 2017, it recorded 
56% of gas connection rate, compared to 99% of electrification (APRUE, 2017). On 
the other hand, electricity consumption has seen a sharp increase of 32.8% between 
2013-2015 to meet the energy demand during this period of decline, (See Fig. 7). 
4.2. Spatial-temporal distribution of RBS and REC per province, and 
dispersion of energy consumption per housing unit 
The spatial-temporal distribution of RBS is presented in Fig. 8. The northern part 
of the country, which represents the climatic zone (A) contains the highest number of 




Finally, the climatic zones (D) and (D’), which refers to southern Algeria has the lowest 
number of RBS. At the provincial level, the total RBS varies from 2000 to 830 000 
housing units. Furthermore, the number of RBS is the highest in the province of Algiers, 
followed by Oran, Setif, Tizi Ouzou and Batna. In contrast, the provinces of Tindouf, 
Illizi, Naama, Tamanghasset and El Bayad present the lowest number of RBS on a 
national scale. Fig. 9 reinforces the observations resulting from the spatial-temporal 
distribution of RBS. It indicates that climatic zone (A) gathers the provinces with the 
highest RBS values, whereas climatic zone (D') refers to the provinces with the lowest 
RBS values. It is worth noting that the highest RBS value is located at the level of 
climate zone (A), whereas the lowest RBS value is located at the level of climate zone 
(D). 
The distribution of RBS through provinces is directly related to the housing 
demand induced by the variability of the number of inhabitants per province. The 
Algerian territory is characterised by a very high population concentration index, with 
90% of the population concentrated in the north of the country, while only a small share 
of the inhabitants are located in the south of country. The decrease in population 
density from north to south is related to the presence of agricultural land, the 
abundance of water resources and the concentration of transport and communication 













Fig.  9. Dispersion of RBS per climate zones. 
 




The spatial-temporal distribution of estimated REC in Algeria’s 48 provinces 
indicates that REC is higher in the northern provinces such as Algiers, followed by 
Setif, Batna, M’sila, and Constantine (see Fig. 10). These are located in the climatic 
zones (A), (B) and (C). In contrast, the southern provinces have the lowest REC. These 
provinces are located on the climatic zones (D) and (D’). The total REC varies from 
2500 to 750000 (Toe). The spatial distribution of REC largely follows the same pattern 
as the one of RBS.  
The highest REC is observed in the Northern provinces with a high residential 
density. The south of Algeria is characterized by a lower REC. Fig. 11 shows that the 
climate zone (A) includes the provinces with the highest REC values, while the climatic 
zone (D') includes the provinces with the lowest REC values. The highest REC value 
is located in the climate zone (A), whereas the lowest REC value is located in the 





 In order to guide policy makers and energy planners in their decision-making, 
the energy consumption per housing unit was obtained by dividing REC by RBS 
according to the formula (6). The box plot in fig 12 materializes the results. 
Fig.  12. Box plot representing the dispersion of energy consumption per housing unit at 
climate zones level. 
Fig. 12 shows the dispersion of energy consumption per housing unit across the six 
climate zones. Climate zone C and D are the one where maximum energy consumption 
per housing unit is the highest, as it is characterised by hot summers and cold winters 
(see Fig. 4). For climate zones B and B', energy consumption per dwelling unit is very 
similar, from a homogeneity and median point of view. Zone A has a very low energy 
consumption compared to other climate zones, due to the Mediterranean climate. On 
the other hand, climate zone D' is completely out of line with all zones, despite having 
very similar climate characteristics that zone D. It seems that other parameters affect 




4.3. Regression analysis 
4.3.1. Multiple linear regression model for REC  
For the Multiple linear regression model of the form of Eq. (12), the estimated 
REC model executed on 10,368 values1, is found to be:  
Log (REC) = -1.73179 + 0.06070 Climatic ZoneB  + 0.13385 Climatic ZoneB’ + 0.15441Climatic ZoneC 
+ 0.17433 Climatic ZoneD - 0.01789 Climatic ZoneD’ + 0.36455 log (Electrification rate) + 0.24866 
log (Gas connection rate) + 0.10763 log (GDP) +0.10433 log (Household size) + 0.85921 log (RBS) 
0.06045 log (Urban density) + Ɛ                                                                                                                                   (15)                                                                                                                                                                                              
Table 3 summarizes the results of REC model with the estimated coefficients, 
standard error, and the p-values. Based on this table, it can be noted that all climatic 
zones, except climatic zone D', the RBS, the gas connection, the electrification rate, 
and finally the urban density are significant in explaining the REC, with p-values less 
than 0.05. Household size in Algeria does not have a great significance in REC model.  
Table 3 
Regression summary outputs for the Algerian REC model.  
 Estimate Std. Error t value Pr(>|t|)     
Intercept           -1.73179 0.18817 -9.203 < 2e-16 *** 
Climatic Zone B 0.06070 0.01314 4.621 4.29e-06 *** 
Climatic Zone B' 0.13385 0.02298 5.824 7.67e-09 *** 
Climatic Zone C 0.15441 0.01749 8.827 < 2e-16 *** 
Climatic Zone D 0.17433 0.02281 7.642 4.85e-14 *** 
Climatic Zone D' -0.01789 0.04229 -0.423 0.6724 
Z.Electrification rate (%) 0.36455 0.07109 5.128 3.49e-07 *** 
Z.Gas connection (%) 0.24866 0.01678 14.815 < 2e-16 *** 
Z.GDP ($) 0.10763 0.02210 4.870 1.29e-06 *** 
Z.Household (size persons) 0.10433 0.04315 2.418 0.0158 * 
Z.RBS (Housing) 0.85921 0.03788 22.683 < 2e-16 *** 
Z.Urban density (Inha/Km2) 0.06045 0.01244 4.859 1.36e-06 *** 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
Residual standard error: 0.1282 on 1042 degrees of freedom 
Multiple R-squared:  0.868, Adjusted R-squared:  0.8667  
F-statistic: 623.2 on 11 and 1042 DF, p-value: < 2.2e-16 
Note: Variable “Climatic Zone A” assumed as reference.  
                                                 




The coefficients of determination R2 and adjusted R2 of REC model are 0.86. 
The p-value, which is associated with REC linear regression, is 2.2e-16. This means 
that the REC model is statistically significant. 
On the level quantitative variables, 1% increase in RBS, Electricity connection 
rate, Gas connection rate, GDP, and urban density respectively lead to an increase of 
0.85%, 0.36%, 0.24%, 0.10%, and 0.06% in REC. The RBS is obviously the 
quantitative variable that most affects the REC. Still the model highlights that, when 
considering all factors altogether, electricity and gas connection rates have a much 
stronger influence than GDP on REC. Besides, this urban density is positively 
correlated with REC. This goes against part of the literature in this field where density 
is usually associated with lower REC. That may be related to an evolution of thermal 
comfort expectations of the inhabitants. However, the household size in Algeria does 
not have a great significance in REC model, probably due to the socio-political context. 
With regard to the qualitative variables, and using the climatic zone A as a 
reference variable, climatic zone D, C, B and B’ in this order, have a determining impact 
on REC. This is in line with observations made in the previous section. 
In order to validate REC model, the assumptions mentioned in the methodology 
section have been tested and validated. The outputs of the different tests illustrated in 
different tables and graphs can be consulted in Appendix D. Therefore, REC model 
assumptions are carefully verified. The model is statistically significant and the null 
hypothesis can be almost certainly rejected.  
4.3.2. REC clusters 
To provide additional visualisation, Fig. 13 shows the heat map with the vertical 
axis representing each province and the horizontal axis representing the study period. 




period. The red colour represents the provinces with a strong REC evolution, i.e. 
between 5 and 10% of evolution on an annual basis. The green colour represents 
provinces with a declining REC evolution, i.e. between 0 and -5%. Provinces with an 
average REC evolution of, i.e. between 0 and 5 %, are represented by a colour 
gradation between red and green.  
The majority of provinces had a strong evolution of REC during the 2002-2009 
period. This period corresponds to the launch of the five-year housing programmes. 
On the other hand, a downward trend in the REC is observed during the period 2009-
2016 except for the province of Setif, which is undergoing rapid urbanisation because 
it represents an economic hub in northeastern Algeria.  
 
Fig.  13.  Heat map showing REC evolution by 48 provinces per period. 
Fig. 14 shows the hierarchical tree used to group together provinces with similarities 




Euclidean distance as a vector distance. Based on REC pattern across all periods (see 
Table 4), these four clusters are created as follows: 
 The cluster 1 gathers provinces such as Annaba and Guelma. This group is 
characterized by a strong decrease in 1995-2002 and stable or minor increases 
from 2002 to 2016. 
 The cluster 2 gathers provinces such as Bechar, Skikda, Oran, etc. This group 
is characterized by quite stable RECs with minor increases or decreases in 
some periods.  
 The cluster 3 gathers provinces such as Algiers, Ouargla, Mascara, etc. This 
group is characterized by a rather stable trend in 1995-2002 with minor 
increases or decreases in some provinces. Strong increases can be observed 
in 2002-2009. The trends come back to stable from 2009-2016. 
 The cluster 4 gathers provinces such as M’sila, Souk-Ahras and Khenchela. 
This group is characterized by average to strong increases in 1995-2009, which 
later become stable in 2009-2016. 
Based on the observed REC profiles, and especially over the (2009-2016) 
period, energy policies for cluster 1 and cluster 3, with a decreasing REC, should 
consider an optimisation of thermal comfort in the housing stock. Cluster 2 with a rising 
REC caused by the strong growth of the housing stock rather requires energy efficiency 
strategies with a specific focus on the construction of high-performance buildings and 
the use of energy retrofit. Energy policies for cluster 4, with a stable REC, should then 





Fig.  14.  Hierarchical clustering tree applied on REC evolution data of 48 provinces. The 
colored rectangles represent the cluster according to the ward’s method. 
Table 5 shows pilot provinces that are extracted from each cluster based on 
their proximity to the barycentre. They represent characteristic provinces that can be 
used by energy planners, to test the socio-economic and environmental effectiveness 
of adaptation measures before being replicated at a larger scale to other provinces of 
the same cluster. 
 
Table 4 
The average annual growth rate of each cluster in each period. 
 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
REC (1995-2002) % -4.32 1.5 -1.66 3.73 
REC (2002-2009) % -0.35 -5.18 4.37 2.93 






Extraction of pilot provinces of each cluster based on the distance from the barycentre. 
Clusters Pilot provinces 
(Parangons) 
Distance from the 
barycentre 
Cluster 1 Annaba  2.407224 
Cluster 2 Tindouf 1.408166 
Cluster 3 Consantine 0.2547846 
Cluster 4 Khenchela 0.5745982 
 
5. Validation of the developed REC Model  
Tables, 6 and 7 indicates a comparison of national REC in selected years as 
calculated in this study, with the statistics that are gathered on the APRUE report and 
the values that are found in the annual REC estimations developed by Ghedamsi et al. 
(2016).  Tables, 8 and 9 show a comparison between the national RBS results of the 
present study and the official reports of the Ministry of Housing as well as the results 
of the RBS estimations that are presented by Ghedamsi et al. (2016). 
Table 6 
Comparison of national REC results with those of energy reports.  
Year This study ( total 
annual national 
REC (Toe) 
APRUE total annual 
national REC (Toe) 
Relative difference  
2008 (latest census) 5615309.32 5039724.51 10.25 % 
2013 9269638.95 8264981.78 10.84 % 
  
Table 7 
Comparison of national REC results with those of previous study. 
Year This study ( total 
annual national 
REC (Toe) 
R. Ghedamsi et 
al. (2016) total annual 
national REC (Toe) 
Relative difference  
2008 5615309.32 6210662.08 -9.58 % 
 
Our results are larger (+10%) than the ones provided by the APRUE report and 
smaller (-9%) than the ones of Ghedamsi et al (2016). The REC calculated in the 
present study is situated between the two references, which confirms that it does not 




In addition, Tables 8 and 9 shows that RBS calculated in this study is slightly 
larger (+7% to +9 %) than the one provided in ministerial reports. It is very comparable 
to the one (+2 % to +7 %) provided by Ghedamsi et al. (2016). 
Table 8 
Comparison of national RBS results with those of ministerial reports. 
 This study (total 
national RBS 
(housing) 
MHUV total annual 
national RBS 
(housing) 
Relative difference  
2000 5704402 5279257 7.45 % 
2008(latest census) 6874549 6276517 8.70 % 
2013 7971998 7200000 9.68 % 
 
Table 9 
Comparison of national RBS results with those of previous study. 
 This study (total 
national RBS 
(housing) 
Ghedamsi et al. (2016) 
total annual national 
RBS (housing) 
Relative difference  
2008 6874549 6720000 2.25 % 
2010 7216538 7040000 2.45 % 
2015 8696308 8080000 7.09 % 
  
6. Conclusion  
6.1. Main findings and recommendations 
This paper presents an Algerian REC model as a reference that would inform 
policy makers in the view of designing energy policies. The modelling task was 
developed through a triangular approach combining GIS, Multiple Linear Regression 
and hierarchical clustering.  
The study shows that the REC and RBS have increased significantly with an 
average annual growth of 2.7 % and 3.5 % respectively, caused mainly by the 
combined pressure of demography and socio-economic development. Natural gas and 
electricity represent the most common fuels used in the Algerian RBS, where natural 




The energy consumption per housing unit is higher in climate zones with hot 
summers and cold winters, especially when compared to Mediterranean climate of 
zone. 
 The Multiple Linear Regression highlights that the size of the RBS is the primary 
factor that influences REC. Besides this factor, electricity and gas connection rates are 
the most important ones, much more important than GDP or urban density. Climate 
zone influences the REC, especially in provinces located in zones C, D, B and B’. Even 
though modest, the influence of urban density on REC is positive, which means that 
provinces with a higher urbanization rate are associated with higher energy 
consumptions. That may be related to an evolution of thermal comfort expectations of 
the inhabitants. These are important factors to consider and monitor as urbanisation 
rate, and associated levels of gas and electricity connections, are expected to rise in 
the near future. 
The analysis of hierarchical clustering allowed classifying all provinces into four 
main clusters, associated with decreasing (1 and 3), stable (4) or rising (2) REC over 
time. These patterns are important to consider when designing adequate energy 
policies for each of these situations. 
Based on the results of the triangular approach, we propose these recommendations:  
 Promoting the energy transition of the RBS through the introduction of the 
energy mix in the energy consumption, through the large-scale exploitation of 
the solar energy, thanks to the sunshine potential of Algeria. 
 Developing the energy mix taking into account the evolution rate of natural gas 
and electricity, the impact of climatic zones on residential energy consumption 




 Designing energy policies according to the energy consumption profile of each 
province, associated with the actual rates of natural gas and electricity 
consumption. 
Other recommendations can reinforce the orientations of the triangular approach: 
 Combining results of triangular approach with technical policy-oriented studies  
to examine the feasibility and impact of energy efficiency scenarios at the scale 
of residential buildings, to mitigate the impact of outdoor temperatures, 
especially in climate zone C, D, B and B’.  
 Extend the reflection by analysing REC models based on pilot provinces by 
including other variables that may affect REC, such as building typology, age, 
building characteristics, HVAC system, energy cost. 
6.2. Strength and limitations of the study  
The strength of this study relates to the use of a triangular approach, combining 
GIS, MLR and clustering, on a longitudinal basis. This original study is the first Algerian 
research that calculates, spatializes and analyses the REC and RBS across the entire 
Algerian territory, covering all climatic zones and over a long study period. The 
knowledge and analysis of the REC and RBS at the provincial level as the basic unit 
constitutes an important reference for policy makers. This research remains limited  
because a few studies on REC modelling have been conducted, taking Algeria as case 
study, which means that the housing typology has not been considered yet. 
6.3. Implication on practice and future research 
The results of this research provide a lever for policy makers for the revision of 
national energy management strategy and to broaden its scope.  Actions that are 
appropriate to energy behaviour of each province can be applied, to evaluate the 




energy housing. The objective is to achieve the target of reducing energy consumption 
in RBS, through the ratification of most of the agreements on climate change aimed at 
producing more sustainable cities. Future research will focus on the extension of REC 
model through the introduction of typology and characteristics variables of the Algerian 
RBS. 
Appendix A: Estimated RBS data from 1995 to 2018 across all provinces 
Appendix B: Estimated REC data from 1995 to 2018 across all provinces 
Appendix C: Matrix of all variables integrated in Multiple Linear Regression model 
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